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The Tangent Ratio

Cory is installing wheelchair ramps at a high
school. Not all locations require the same
vertical climb, so he will need to adjust the
length of the ramp in each case. In general, a
wheelchair ramp should have a slope of not

How can Cory ensure that all ramps have the
same slope? How is the slope related to the
angle the ramp makes with the floor?

What is the tangent ratio and how is it related to slope?

Method 1: Use Pencil and Paper
1. Draw three similar right triangles on grid paper for each
slope angle . Each triangle represents a different ramp.
* 10°
e 25°
* 60°

2. a) Measure the rise and run of each triangle, and use these to

Triangle  |Slope Angi;j Rise Ruﬁj Slope (to three decimat places)

i b) What do you notice about the slope of the ramp for similar
'[ right triangles?

calculate the slope. Record your results in a table like this oné-




3. The slope in your table in step 2 is called the tangent of the tangent of an angle

slope angle. the ratio of the side

a) Draw three more similar ramps with a different slope angle opposite an angle to the
than those in step 1. Measure the rise, run, and slope of these side adjacent to the angle
ramps and record your results in your table. Explain what o osiie
you notice. ) i

b) Add a column to your table labelled Tangent and use a adjacent
calculator to calculate the tangent ratio of the slope angle. e i
What do you notice? adjacent

4. How can you find the tangent of the other acute angle in the
triangle? Rotate each original triangle 90° counterclockwise and

repeat the investigation, Connections
5 The short form for tangent
) is tan. The Greek letter g,
a) What is the tangent ratio of an angle? What is it the same as? pronounced “theta’” is often
b) How does the tangent of an angle change when you change used to represent angles.

the size of the triangle but keep the angle the same?

Method 2: Use The Geometer's Sketchpad® U Tools
1. Open The Geometer’s Sketchpad® and begin a new sketch. ® computer with The
Geometer's Sketchpad®
2. Construct a small ramp.
* Construct a short horizontal line segment.
* Select the segment and the right endpoint. Technology Tip

* From the Construct menu, choose Perpendicular Line.

* Prom the Construct menu, choose Point on Perpendicular Line,

* Select the perpendicular line, From the Display menu, choose
Hide Perpendicular Line.

¢ Construct segments to complete the right triangle,

* Hoiding the Shift key
as you draw a segment
keeps It horizontal or
vertical.

* From the Display menu,
use the Hide command,
or press Ctrl + H, to tidy
up your sketch.

3. a) Sct the precision of the measurements to thousandths. From
the Edit menu, choose Preferences. Set the Precision to
thousandths for Angle, Distance, and Other.

b) Measure the rise and run of the ramp, and use these to calculate

the slope.

* Select the vertical and horizonta] segments. From the
Measure menu, choose Length,

° From the Measure menu, choose Calculate. A calculator
will appear.

® Select the rise measure.

* Click on +.

* Jelect the run measure,

* Clirk OK,

9 A ratio measure will appear. What does this ratio represent?

d) Right click on the measure and choose Label Measurement to
Tename the measure to correspond to your answer to part c).

L_ 7.2 TR Tar reresl O SR et



Technology Tip

in step 3, you created a
dynamic calculation that
automatically updated
itself when you changed
your sketch.
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4, Measure the angle the ramp makes with the floor.

o Select the three points in order so that you select the point
where the ramp meets the floor second.

e From the Measure menu, choose Angle.

Label this measure the slope angle.

. a) Click and drag each vertex of the triangle. Explain what

happens in each case.

b)_Does the triangle remain a right triangle? Explain why or
why not.

¢) Return the triangle to the way you had it at the end of step 3.

6. a) Record how the measures change as you change the triangle.

To make a table in The Geometer’s Sketchpad®:

e Select the measurements in the following order: slope angle,
rise, run, slope.

e From the Graph menu, choose Tabulate.

o Right click on the table and choose Add Table Data.

¢ Choose Add 10 Entries As Values Change.

Click and drag the vertex above the right angle to change the
slope angle. Ten sets of measurements will be recorded in
your table.

b) Discover what happens to the slope if you change the size of
the triangle but keep the slope angle. Make a new table, as in
part a). Click on and drag the vertex at the right angle to make
similar triangles with the same slope angle. Record your results
in your new table. Describe what happens to each of the
following measures:
® rise
* run
e slope
* slope angle

7. Repeat step 6 for a different slope angle. Does the slope of the

ramp change if the angle remains the same? Explain.

. The slope in your table in steps 6 and 7 is called the tangent of

the slope angle.

You can use The Geometer’s Sketchpad® to calculate the tangent

of an angle.

e From the Measure menu, choose Calculate.

e Click on the Functions key. From the menu of functions, click
on tan.

e Select the angle measure of the ramp.

e Click OK.

Calculate the tangents of several slope angles and compare them
to the slope of the ramp. What do you notice?

e A B L




9. How can you find the tangent of the other acute angle in the
triangle? Rotate your original triangle 90° counterclockwise and
repeat the investigation.

10.
a) What is the tangent ratio of an angle? What is it the same as?

b) How does the tangent of an angle change when you change the
size of the triangle but keep the angle the same?

Method 3: Use a Graphing Calculator C Tools
1. Press - and choose Cabri Jr. If the axes are not visible, choose w TI-83 Plus or TI-84 Plus
the F5 menu. Choose Hide/Show, and then Axes. Move the cursor graphing calculator
to the origin. Press -7 and move the origin until the first

quadrant occupies most of the screen, as shown,

2. Construct a small ramp. T
* Choose the Segment tool
from the F2 menu. Draw a
horizontal line segment, as
shown.
 Choose Perp. from the F3 k:

menu.
* Move the cursor to the right '+___—_—___"
endpoint of the segment. Press
- Move the cursor to the segment until it flashes. Press
A line perpendicular to the segment appears, through the right
endpoint.
* Choose Point from the F2 menu, and then Point on. Move the
cursor to a point on the perpendicular line, and press
* Choose Hide/Show from the F5 menu. Then, choose Object.
Move the cursor to the perpendicular line until it flashes. Press
. The line is hidden.
* Construct segments to complete the right triangle.

3. a) Measure the rise and run of the ramp, and use these to calculate

the slope.

° Choose Measure from the F5 menu. Then, choose
D. & Length.

® Move the cursor to the run until it flashes. Press - . Move
the measurement to a suitable location, and press ' . again.

* Repeat this procedure to measure the rise.

* Choose Calculate from the F5 menu. Move the cursor to the
rise measurement, and press "~ . Move the cursor to the run
measurement. Press . Then, press . Move the
calculation to a convenient location, and press

b) What does this ratio represent?
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4,

10.

. Repeat step 6 for a different slope angle. Does the slope of the )

. The slope in your table in steps 6 and 7 is called the tangent of

Measure the angle the ramp T

makes with the floor.

* Choose Measure from the F5
menu. Then, choose Angle.

* Move the cursor to the top
vertex of the triangle. Press
@m=n). Move to the left vertex.
Press &), Move to the third
vertex. Press @=). Move the
measurement to a convenient location, and press &=,

Call this the slope angle.

. a) Move the cursor to one of the vertices of the triangle. Press (o),

Drag the vertex of the triangle. Explain what happens. Try
dragging the other vertices, one at a time. Explain what
happens.

b) Does the triangle remain a right triangle? Explain why or
why not.

¢) Return the triangle to the way you had it at the end of step 4.

. a) Select and drag the vertex above the right angle to change the

slope angle. Record the measures in a table like this one.

Slope Angle "Rises Run & Slope(tothreédecnmal p:!___éc_e_s)

b) Discover what happens to the slope if you change the size of
the triangle but keep the slope angle the same. Select and drag
the left vertex of the triangle. Record your results in the table
from part a). Describe what happens to each of the following
measures:
erise erun e slope e slope angle

ramp change if the angle remains the same? Explain.

the slope angle. Calculate the tangent of several slope angles and ;
compare it to the slope of the ramp. What do you notice? :

. How can you find the tangent of the other acute angle in the

triangle? Rotate your original triangle 90° counterclockwise
and repeat the investigation.

Reflect
a) What is the tangent ratio of an angle? What is it the same as?

b) How does the tangent of an angle change when you change
the size of the triangle but keep the angle the same?




'n the Investigate, you saw that the tangent of an acute angle in a right
riangle is constant if the angle stays the same, even if the size of the
riangle changes. This is because of the properties of similar triangles.
Since the ratios of corresponding sides of similar triangles are equal,
and the tangent is a ratio of sides, the tangents of the angles of similar
triangles are equal. For example, in similar triangles AABC and ADEF,

D
A
8 C S F
opposite opposite
tan C = —-@— andtan F = L
adjacent adjacent

By similar triangles,

AB _ BC
DE EF
AB DE

_— = —= Divide both sides by BC and multiply both sides b DE.
BC EF v ply v

So, tan C = tan F.

Ex e 1 Find the Tangent Ratio From Given Sides
.—._. e e e o es T S

Find tan 6 for each triangle, expressed as a fraction and as a decimal
correct to four decimal places.

a
) 12 . b) 82 em 9 BElmae
5 13 e 6.8 cm 6.8 cm
45cm 4.5cm
Solut

3) Identify the opposite and adjacent sides relative to the angle .

opposite
tan § == —L 12
adjacent adjacent
= —— 5 g
opposite 13
= 0.4167

Connections;

Expressions involving
tangent mean “the tangent
of” For example, tan A
means “the tangent of
angle A" Similarly, tan 25°
means “the tangent of
25”."
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Technology Tip

Not ali scientific calculators
work the same way. With
some, you press

)25 (=)

With others, you press
25

On a graphing calculator,
press

)25 CI=)

Make sure your calculator
is in degree mode.
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L ot |

b) Identify the opposite and adjacent sides. 8.2 cm/"//

opposite >
tan 6 = adiacent <@ /68cm
adjacent 45 cm\.{y' opposite
_ 68 adjacent
4.5
= 1.5111
¢) When you go from one acute angle to the other 82cm .8
in a right triangle, the opposite and adjacent o o
sides relative to the angle become reversed. Ny adiacenr‘n
o ; 4.5 cm™
pposite
tan@ = ————— opposite
adjacent
— 4.5 This Is the same triangie as In part b),
6.8 but | am calculating the tangent of the
= 0.6618 other acute angle.

Example 2 Find the Tangent of an Angle |

Evaluate each of the following with a calculator. Record your
answer rounded to four decimal places.

a) tan 25° i
b) tan 60° 1

Solution

Use a scientific or graphing calculator.
a) tan 25° = 0.4663

b) tan 60° = 1.7321

Calculators have an inverse function that allows you to apply

| . opposite
the tangent ratio in reverse. If you know the ratio ————,
adjacent

you can find the angle whose tangent this ratio represents.

eéxample 3 Find an Angle Using the Tangent Ratio

Fiona is building a skateboarding ramp. She wants the ramp to
rise 1 m in a horizontal distance of 2 m. At what acute angles
should she cut the wood, rounded to the nearest degree?




Solution

Sketch and label a diagram of the ramp.

Find 2A.
opposite
tan A = gp\ A
adjacent m
o adjacent
c >m B
=2 opposite
To find £A, calculate the inverse tan ent of 2, [tan (23
= 63.43
One of the acute angles is about 63¢.
Fi ‘l"l /_B.
Method 1: Apply the Tangent Ratio
opposite A
tan B = ——— 1
adjacent m
opposite
T C 2m B
=05 adjacent

Apply the inverse tangent operation.
£B - tan~1(0.5)
= 26.56

The viher acute angle is about 27°,

Method 2; Use Geometric Reasoning
The sum of three interior angles in any triangle is 180°,

SN B+ £C = 180° A
B B4+ e = q1gQe 63°
4B = 180° - (63° + 90°)
= 180° — 153°
= 27° C
The other acute angle is about 27°.

Fiona should cut the wood using acute angles of approximately 63°
and 27+,

Note that Method 1 will give a more accurate measure for the angle,
Shee only given information is being used.
\._,

onnection

Tangent and inverse
tangent are opposite
operations, like addition
and subtraction. For
example,

tan 60° £ 1.7321
tan-'(1.7321) £ 60°

The second statement is
read as “the inverse
tangent of 1.7321 is
approximately equal to
60 degrees”

Technology Tip

With some scientific
calculators, you press
(4 J[TAN-] 0.5

With others, you press
0.5 [TAN-']
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The tangent ratio relates two sides of a right triangle and an angle. If you
know an angle and the length of one of the legs of the triangle, you can
find the length of the other leg.

Example 4 Find a Side Length Using the Tangent Ratio

|
Find the length, x, in the diagram, rounded to the

nearest tenth of a centimetre. X/ 9.2 ¢m
| L2,

Solution
Write the tangent ratio for the given angle in terms of the side lengths.
opposite |
tan 28° = L 1
adjacent i
x |
tan 28° = —
9.2
9.2(tan 28°) = x Multiply both sides by 9.2.
4.891 = x 9.2 ()28(™)(=) or 9.2(x)(m)28(=)

The length of side x is about 4.9 cm.

Example 5 Solve a Multi-Step Problem Using the Tangent Ratlo

rA radio transmitter is to be supported with a guy
wire, as shown. The wire is to form a 65° angle /
with the ground and reach 30 m up the transmitter. /

The wire can be ordered in whole-number lengths 8% wire 30m ¢

of metres. How much wire should be ordered?

65°
s WS

Solution
Use the tangent ratio of the given angle to find the 4
distance, d, from the tower that the guy wire should ;" :
be secured. |
Then, apply the Pythagorean theorem to find the length, / |
w, of wire needed. /65" _J

i

A opposite

adjacent




Apply the Pythagorean theorem to find the length of wire needed.
wé = d?¢ + 32

2
w = ( ) + 900
30 2
r= + 900
W \/(tan65°>

v = 33.101

‘he length of guy wire needed is about 33.1 m. It can only be ordered
‘n whole-number lengths. 33 m is too short, so round up to the next
1etre. At least 34 m of guy wire should be ordered,

ey Concepts !

The ratio of the opposite side to the adjacent
side of an angle in a right triangle is called

opposite ’
the tangent of that angle,

e
Opposite adjacent

tan B = ;
adjacent

®* You can use a scientific or graphing calculator to
express the tangent of an angle as a decimal

- find one of the acute angles when both leg lengths are known
in a right triangle

~ lind a side length if one acute angle and one leg of a right
triangle are known

Com: icate Your Understanding
@D Lxplain how the tangent of the slope angle is related to the slope
ol a ramp,
@ a) i:xplain how you can identify the opposite and adjacent sides
o a right triangle.
b) lxplain how these can change in a given triangle, Use a
¢liagram to Support your explanation.

@ a) iixplain what each calculator function does:
° langent



